In order to demonstrate the utility of the Cartesian 6-DOF package, a U.S. Navy GBU-32 Joint Direct. Attack Munition (JDAM) store (cf. Fig. 1 ) separating from an F/A-18C is simulated using both sequential-static and time-dependent methods.
This transonic JDAM separation was put forward by the Navy as a "challenge" to the CFD comnmnity because it exhibited behavior that could not reliably be predicted with conventional store separation analysis tools (cf. Cenko [7, 8] polyhedra. is utilized to integrate the independent mesh generation, flow solver, post-processing, and 6-DOF steps into a unified computational framework. 
Ejector Force Model
The JDAM is forced away from its wing pylon by means of identical piston ejectors located in the lateral plane of the store, -10.11 in. forward of the c.m., and 9.89 in. aft.. The ejectors extend during operation for 6 in., and the force of each ejector is a polynomial function of this stroke extension (el. Cenko [7] ). As the store moves away from the pylon it begins to pitch and yaw due to aerodynamic forces, and the 
Computed Results
The numerical scheme outlined in the previous section was used to compute the separation of a GBU-32/JDAM from an F/A-18C at the two flight conditions listed in Table 2 . The inertial properties for the JDAM were provided by the Navy, and are summarized in 
Sequential-static Simulations
The current work simulates the separation of the JDAM using both time-dependent and steady-state methods.
The inertia of the GBU-32 is very large, and the expectation is that unsteady effects are minimal, at least while the store is still close to the pylon. This thesis is examinedby comparisonof time-dependent separationresults with "sequential-static"simulations.The sequential-static resultsare presentedfirst. In this method, the store is repositionedat the new time level basedupon the computed loadsat the previoustime level (eft Fig. 5 the store and the wing pylon. The explanation for this is that as the ejectors push away the store, there is a reaction force applied to the pylon. This reaction leads to a rolling moment on the aircraft which rolls the pylon away from the JDAM, i.e. increases the miss distance between the two. This reaction of the aircraft is not modeled in the current work (or in previous work in the literature), and hence the separation is underpredicted. The closest miss, which occurs near t = 0.10 sec., is seen in pitch and yaw prediction in the current work.
Time-dependent Simulations
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Computational Cost
The computational cost for the current Cartesian/6-DOF scheme is presented in two forms; absolute and relative to computing a fixed "database" of static results. . [2]
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[11] where ui_.,_, is the velocity of the center of mass.
The rotational motion is governed by Euler's equations of motion. The body axes are specified to coincide with the principal axes of inertia, with origin at the center of mass (cf. Fig. A.1 ). Euler's equations are then 
EquationA.3 is integratednumericallyusinga 4th-orderRunge-Kuttascheme. In order to transform the angularvelocity into a changein orientation,it's desirableto usequaternions,commonlyreferredto as "Euler parameters",to specifythe angularorientationof the body framewith respect to the inertial frame(cf. Fig. A.1 According to Euler's theory of motion, the Euter parameters are the same in both the body and fixed reference frames, so no superscript appears on p, however note that in this case the discussion assumes the reference frame is attached to the center of mass.
Using this, the change in orientation due to rotation can be found through P = 1L:rwb (A.6) 2 which can also be integrated numerically using a 4th-order Runge-Kutta scheme. Since tan(4 ) = -s--5-r2--r2
e 5 -e I -e 2 + e3 sin(O_) = -2.0 (ele 3 --eoe2) (a.7)
The potential singularity in x and z orientation is obvious.
A.1 6-DOF Model Verification
The 6-DOF implementation was verified using a variety of analytic test cases. While the system of Euler's Eqns. decouples when the rotation axes are aligned with any one of the principal axes of a body, stability analysis shows that this rotation is only stable around the minor or major axis -rotation around the semi-major axis is unstable.
The coupling of the system means that any small perturbation about the semi-major axis will excite rotation about the others (cf. Thompson [2] ). With I1 = 1, I., = 10, and Ia = 100, the 6-DOF model was initialized with w = (0, 0, 1), prescribing rotation around tile major axis. The system was perturbed by imposing a moment with magnitude 0.01 about the minor axis over the first time step (At = 0.1).
Figure A.5 shows the system response in terms of the angular rates around the minor and semi-major axis. As expected, the initial perturbation excites oscillations around both of these axes, but these oscillations disappear rapidly as the system stabilizes.
Since the system is lossless (i.e. contains no physical dissipation), the rotational energy of the system must be conserved. 
